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Abstract
Two dimensional gel electrophoresis (2-DE) 
plus mass spectrometry (MS) have been widely used 
to study the proteome of a good number of tissues, 
plants, animals or microorganisms. However, few 
of them have been carried out to study the proteome 
of phytopathogenic fungi. These organisms are res-
ponsible of several plant diseases in different crops 
around the world, causing very important economic 
losses to the farmers. There are several reasons to 
explain the lack of proteomic studies describing fun-
gal plant pathogen proteomes. The main aim of this 
work is to tackle the strategies to overcome these 
SUREOHPVLHE\WKHPRGL¿FDWLRQRISURWHLQH[WUDF-
tion protocols, or using microbiology techniques to 
decrease the analytical variability.
Main text
Fungal plant pathogens are one of the main res-
ponsible of farmer losses. By way of example, the 
annual consumption of fungicides against phytopa-
thogenic fungus Botrytis cinerea (Botrycides) moves 
about 10% of global fungicide market, which would 
mean 540 million per year [1]. Moreover, the losses 
increase with the value of agricultural losses, quan-
WL¿HGEHWZHHQDQGPLOOLRQ(XURVSHU\HDU
The losses caused by B. cinerea in French vineyards 
are between 15% and 40% per year, depending on 
weather conditions. In Holland, B. cinerea produces 
DORVVLQÀRZHUFURSVDQGLQ6SDLQ
in the strawberry crops. Annual average expenditure 
on fungicides against Botrytis, is around 3 million 
Euros in tomato crops, 2 million in strawberry and 
3 million in grapewine crops (BASF, personal com-
munication). The genus Botrytis is an ascomycetes 
¿ODPHQWRXVIXQJXVZKLFKLQFOXGHVDODUJHQXPEHU
of pathogenic species capable of infecting a variety 
of crops. Some species are able to infect a single 
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crop, such as B. tulipae, B. squamosa or B. fabae,
pathogen to tulips, bean and onions respectively. 
However, B. cinerea is able to attack more than 200 
species, including tomatoes, strawberries and gra-
pes, three of the most important crops in Andalusia. 
7KLVIXQJXVKDVJUHDWÀH[LELOLW\SUHIHUDEO\LVDEOH
to attack fruit (grapes, strawberries, tomatoes, etc.), 
ÀRZHUVEXWDOVRLVDEOHWRDWWDFNVWHPVOHDYHVDQG
seeds. Moreover, it is also capable to attack many 
different plants (grapevine, tomato, Arabidopsis,
roses, etc.), in different organs of the same plant 
(fruits, leaves, petals and other structures of the 
same plant). Furthermore, the disease may appear 
directly “in planta” or during storage and distribu-
tion of fruits. These data show the relevance of this 
pathogen that is being currently considered as a mo-
del organism in all those experimental approaches to 
the study of plant-pathogen interaction.
The fact that there are only few reports on the 
proteome of phytopathogenic fungi is mainly due 
WRSUREOHPVVXFKDVWKHGLI¿FXOW\LQREWDLQLQJIXQ-
gal protein extracts or the lack of available fungal 
protein databases [2]. An effective protein extrac-
tion is a key step for obtaining a good resolution 
avoiding streaking in the 2-DE gels. It will allow 
us to remove contaminants (i. e. nucleid acid, salts, 
lipids, pigments) which may disturb the proteins 
focusing. However, it is especially relevant when 
WKH ELRORJLFDO VRXUFH LV D¿ODPHQWRXV IXQJXVGXH
to its richness in cell wall polysaccharides, and the 
mechanical resistance of the fungal cell wall. This 
problem has been overcome by using phenol ba-
sed protocol [3]. On the other hand, the amount of 
genomic resources is increasing continuously, and 
DERXWIXQJDOJHQRPHSURMHFWVDUHEHLQJ¿QLVKHG
(Broad Institute, MIT, Harvard). This information is 
FUXFLDOWRJHWVLJQL¿FDQWQXPEHURISRVLWLYHSURWHLQ
LGHQWL¿FDWLRQKLWV,QVSLWHRIWKHVHSUREOHPVVHHPWR
be overcame, there are still some points that become 
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FULWLFDODSURWHRPLFDSSURDFKWR¿ODPHQWRXVIXQJDO
proteome. In spite of other aspects, we are especia-
OO\LQWHUHVWHGLQWZRPDMRU¿HOGVLWRGHFUHDVHWKH
levels of variability founded in these studies, and (ii) 
WRLQFUHDVHWKHEHQH¿WREWDLQHGIURPWKHODUJHOLVWRI
LGHQWL¿HGSURWHLQV
Calculations of analytical and biological varia-
bility are directed to quantify the variations associa-
ted with the 2-DE experiments and differences in the 
level of protein expression between independent re-
plicates [4]. The averages of analytical and biologi-
FDOFRHI¿FLHQWVRIYDULDQFHDUHXVHGWREHFDOFXODWHG
[5]. Only those changes consistently present in all 
the extract replicates, whose quantitative differences 
are higher than the corresponding biological and 
analytical variance, should be considered [2]. In 
spite of the levels obtained in fungal approaches are 
similar to the obtained variability in plant or micro-
RUJDQLVPVWXGLHV>@:HKDGXVHGPRQRFRQLGLDO
isolates in attempt to decrease these levels, but the 
UHVXOWV UHPDLQKLJK2Q WKH RWKHU KDQG WKH¿QDO
results obtained in a proteomic approach use to be 
DODUJHOLVWRILGHQWL¿HGSURWHLQV7KHUROHRIHDFK
protein is also discussed for its biological relevance, 
or used “in further studies”. This information is very 
important and interesting, but if we apply our own 
and particular “optics”, we assume the risk of infor-
mation losses in other parallel biological process. As 
an interesting tool is the website PANTHER (Pro-
tein ANalysis THrough Evolutionary Relationships; 
ZZZSDQWKHUGERUJ WKDW DOORZV WKH FODVVL¿FDWLRQ
RILGHQWL¿HGSURWHLQVLQGLIIHUHQWFDWHJRULHVDFFRU-
ding to (i) its biological process or (ii) its molecular 
function, based on Gene Ontology. This information 
PD\KLJKOLJKWVRPHLQIRUPDWLRQZKLFKLVGLI¿FXOWWR
extract directly from a protein list. In this sense, an 
algorithm to elucidate the drug target-likeness of a 
protein has been published [7]. This work could im-
prove the development of new therapeutic targets to 
¿JKWDJDLQVWVHYHUDOGLVHDVHV8QIRUWXQDWHO\DWWKLV
moment is not feasible to develop similar approach 
to analyse new candidates for fungicide design (per-
sonal communication).
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